INTRODUCTION
Adult polycystic liver disease (PCLD) was fi rst described in 1856 by Bristowe in association with autosomal dominant polycystic kidney disease (ADPKD) [1] . PCLD is a rare (incidence < 0.01%) dominantly inherited disorder characterized by multiple diffuse cystic lesions of the liver parenchyma. An asymptomatic enlarged liver is usually the hallmark of the disease. However with more effective treatment of renal disease, increasing numbers of patients are living long enough to experience symptoms from their associated polycystic liver disease. Significant symptoms or complications from liver involvement can occur in up to 20 percent of cases [2, 3] . In symptomatic PCLD patients, surgical therapy is the mainstay of therapy including laparoscopic or open fenestration with or without hepatic resection and orthotopic liver transplantation. The surgical therapy should be tailored to the extent of disease in each patient. In this review, we will summarize the literature addressing the clinical presentation, associated medical problems, and appropriate surgical management of patients with adult polycystic liver disease.
PATHOGENESIS AND GENETIC BASIS OF POLYCYSTIC LIVER DISEASE
Although there is an isolated form of polycystic liver disease, knowledge concerning the pathogenesis of hepatic cysts was gained from the study of hepatic cysts in ADPKD. These lesions have been attributed to bile duct overgrowth after the arrest of embryogenesis and failure of the intralobar bile ducts to involute. This involutional failure results in cystic dilations that are known as biliary microhamartomas or von Meyenburg complexes (VMC) [4] . Further study of these VMC confi rmed that they maintain communication with the biliary tree [5, 6] . The growth of cysts in the liver is thought to arise from cell proliferation, solute and fluid secretion into the cysts, and expansion of abnor mal cell matrices. Perrone and colleagues demonstrated, via culture derived epithelial cell lines, that these cysts are of biliary origin [7] . Morphological studies demonstrate that the peripheral cysts arise from biliary microhamartomas, but the centrally located cysts arise from dilatation of the peribiliary glands in the liver [8] . ADPKD is one of the most commonly inherited diseases with an incidence of 1 in 400 to 1 in 1000. It is www.wjgnet.com a cause of 8%-10% of all chronic end-stage renal failure requiring dialysis [9] . The number of ADPKD patients with hepatic involvement appears to be rising, likely due to increased life expectancy from improved renal replacement therapy and renal transplantation. Early literature suggested that 40%-50% of patients with ADPKD had polycystic liver disease [10, 11] , but in more recent literature, this fi gure has increased to 75%-90% [12] . Independent risk factors for hepatic involvement in the ADPKD include advancing patient age, female gender, and severity of renal disease. The increased prevalence in females may be due to stimulatory effects of estrogen. The reported prevalence of hepatic cysts in female patients with ADPKD ranges from 58% to 75% while the prevalence in male patients ranged from 42% to 62% [13] . Further support for the stimulatory effect of estrogen comes from studies showing an increase in liver cyst volume in pregnant women and women receiving postmenopausal estrogen therapy [14] . Finally, a correlation has been established between an increasing burden of hepatic cysts in patients as the severity of renal cystic disease increases [13] . The fi rst suggestions of an isolated form of polycystic liver disease were made in the mid-1980's [15, 16] and confi rmation that there was a distinct autosomal dominant polycystic liver disease (ADPLD) occurred in the late 1990's [17, 18] . ADPLD, much rarer than its PKD counterpart, has a reported incidence of less than 0.01%. ADPLD is linked to a mutation on chromosome 19 that leads to a mutated protein hepatocystin which may play a role in abnormal biliary cell proliferation and differentiation [19, 20] .
CLINICAL PRESENTATION
In 80% of patients, PCLD is asymptomatic [2, 3] and often diagnosed incidentally during work-up of other clinical problems. In patients with long-standing disease, the most frequent symptoms are abdominal pain, early satiety, nausea and vomiting, supine shortness of breath, lower body edema, biliary obstruction, and ascites. These symptoms are usually indicative of signifi cant hepatic enlargement or compression of adjacent structures, but rarely can be from infection or malignant transformation [21, 22] . Laboratory studies including bilirubin, hepatic transaminases (AST and ALT), alkaline phosphatase, and gamma glutamyl transferase (GGT) are usually normal in asymptomatic patients. In symptomatic patients undergoing evaluation, alkaline phosphatase and GGT may be elevated in up to 47% and 70% of patients respectively [21, [23] [24] [25] . AST may be elevated in up to 27% of patients and bilirubin levels may be elevated in up to 15% [21, 23] .
CLASSIFICATION OF APLD
G i g o t a n d c o a u t h o r s h ave d e s c r i b e d a d e t a i l e d classification scheme for patients with polycystic liver disease based on pre-operative computed tomography (CT). This description is based on the number and size of cysts as well as the amount of residual normal liver parenchyma between the cysts [25] . Type I patients have a limited number (< 10) of large cysts with large areas of non-cystic parenchyma ( Figure 1A ). Patients with Type PCLD have diffuse involvement of liver parenchyma by medium sized cysts with remaining large areas of noncystic parenchyma ( Figure 1B) . Finally, Type patients are characterized by massive, diffuse involvement of liver parenchyma by small and medium sized liver cysts and only a few areas of normal liver parenchyma between cysts ( Figure 1C ). This classification system offers a good platform for comparison of morphological disease between patients and their classification can aid us in formulating appropriate plans for therapy.
HEPATIC COMPLICATIONS OF POLYCYSTIC LIVER DISEASE
Hepatic complications from polycystic liver disease (PCLD) typically occur only in the setting of signifi cant hepatomegaly. These cases usually present with a palpable abdominal mass, signifi cant abdominal pain, early satiety, or dyspnea. Occasionally, severe abdominal pain will result from rupture of a hepatic cyst, hemorrhage into a cyst or if a cyst becomes infected [2, 26] . Despite longstanding polycystic liver involvement, only rarely does this entity lead to hepatic insufficiency or failure. The displaced hepatic parenchyma still functions quite well.
An infected hepatic cyst is a serious, but rare, complication. These patients will usually present with fever, leukocytosis, and right upper quadrant pain. This acute presentation should be suspected in this population and treated early to prevent progression to bacteremia, sepsis, and death. The morbidity and mortality rates of a cyst infection have been reported at 3% and 2% respectively [27] . Thus there should be early institution of antibiotics and a drainage procedure. Telenti and coauthors reviewed outcomes of patient's with infected hepatic cysts and strongly supported the use of antibiotics and a drainage procedure [28] . In their review of 14 patients with infectious complications involving hepatic cysts, seven of the fourteen patients received antibiotics alone. Of these patients, two died without having a drainage procedure, four patients underwent drainage after their symptoms persisted through antibiotic therapy, and one patient was not offered drainage due to the difficult location of the infected cyst. In the seven patients treated with combined drainage and antibiotics, one patient died from postoperative sepsis and one died from unrelated causes, while fi ve patients had no reported morbidity from their procedures. While this literature favors antibiotic therapy along with drainage, it is often diffi cult to determine which cyst(s) is/are actually infected. Imaging studies can often direct us toward an area of suspicion. On CT scanning, the finding of fluid-fluid levels within cysts, cystic wall thickening, or intracystic bubbles have been associated with infection of a hepatic cyst [28, 29] . Ultimately drainage of the suspected cyst provides the defi nitive answer whether this is from the open approach or percutaneously. In those cases where the cyst is too small or cannot be accurately identified on preoperative imaging, broad spectrum antibiotics should be instituted with narrowing of the spectrum if blood cultures implicate a specifi c organism [28] . Rarely, jaundice occurs as a result of cystic compression of the biliary system. This manifests as a result of the normal progression of cyst growth and compression of the common hepatic duct or common bile duct [30] . Relief of this obstruction is accomplished by surgical decompression or resection of the offending cysts.
ASSOCIATED MEDICAL CONDITIONS
Intracranial aneurysms and their association with ADPKD have been described [9, 31] . There also may be increased risk for intracranial aneurysm, rupture, or dissection with ADPLD. Geevargheese and colleagues estimated the prevalence of intracranial aneurysms within this population to be 10%. Because cerebral aneurysms can be a source of morbidity and mortality in these patients, they recommended screening by magnetic resonance angiography (MRA) or computed tomographic angiography (CTA) in all patients with PCLD [32] . Also, Qian and coauthors reported an association between ADPLD and increased risk for intracranial aneurysms. In their cohort, six percent of patients with genetically confi rmed ADPLD were found to have either intracranial aneurysm or dissection [33] . Although there are no defi nitive recommendations, these reports should encourage screening radiography and treatment prior to any surgical intervention for their PCLD.
Other associated medical conditions with ADPKD and ADPLD that clinicians should be aware of are valvular heart disease and pancreatic cysts. Classically, the valvular disease most frequently described has been mitral valve prolapse and mitral valve incompetence. In their clinical profile of ADPLD patients, Qian et al estimated that mitral valve prolapse occurred in up to 26% of ADPLD patients and mitral valve incompetence in up to 31% of this population [33] . This indicates cardiac evaluation in patients with ADPLD. Finally, patients with ADPKD may have asymptomatic cysts within multiple organs, including the pancreas, spleen, ovaries, and lungs. Pancreatic cysts are the most common of the extrarenal cysts with a reported incidence of 9% among ADPKD patients over 30 years [34] [35] [36] .
THERAPEUTIC OPTIONS FOR APLD
The primary aims of surgical therapy for polycystic liver disease should be to significantly reduce the size of the polycystic liver without compromising liver function, and to provide long-term relief of symptoms. There is no clear consensus regarding the optimum timing of intervention and the surgical approach is based in part on the number, size, and location of the cysts. All patients should be carefully evaluated for significant symptoms and degree of disability, as well as the degree of hepatic and renal dysfunction that could affect morbidity and mortality. In addition, patients should be made aware of the risk and limitations of the surgery prior to proceeding with any surgical management.
In high risk patients and those with a large dominant cyst, percutaneous aspiration and sclerosis of cysts has been proposed as a feasible option but is associated with higher recurrence rates [37] [38] [39] . Surgical options include: laparoscopic fenestration and/or resection, open fenestration and/or resection, and liver transplantation.
FENESTRATION
Prior to the advent of laparoscopic techniques, open fenestration was the standard therapy for patients with symptomatic PCLD. The technique of fenestration was fi rst described by Lin and coauthors in 1968 [40] . This technique involves de-roofing and performing the widest possible excision of the cyst wall back to the interface of the liver parenchyma. This approach allows visualization, fenestration, and drainage of superficial and deeply seated cysts within the hepatic parenchyma and internal drainage within the peritoneal cavity. The site of fenestration must be carefully selected to avoid any bleeding or leakage of bile. Destruction of the fl uid producing epithelial cyst lining, with cautery or Argon beam coagulation, may be helpful to reduce continual fl uid loss from the fenestrated cysts. Patients, having type PCLD, with superfi cial and large cysts of limited number are the best candidates for this procedure.
With the introduction of laparoscopy, there are increasing numbers of reports of laparoscopic fenestration of patients with PCLD [24, 25, [41] [42] [43] [44] [45] [46] . It can be performed with similar morbidity and mortality as the open fenestration, but this approach must be utilized in the appropriate population. Patients with majority of their cysts in segments , , and often (when there is marked www.wjgnet.com hepatomegaly) and patients with deeply seated cysts that are difficult to visualize and fenestrate with laparoscopy may be better candidates for open fenestration. From the published series, these patients have a higher recurrence rate after laparoscopic fenestration due to the inability to adequately fenestrate all of their cysts [42, 43, 46] . The 13 published series describing open and/or laparoscopic fenestration are summarized in Table 1 .
Koperna and colleagues reported the largest series of patients who underwent open or laparoscopic fenestration for PCLD. In their series, thirty-nine out of forty-four patients underwent a fenestration (34 open and 5 laparoscopic) for their symptomatic polycystic liver disease, while the other four underwent hepatic resection. In their experience, those patients with multiple cysts of 5 cm or greater had a higher likelihood of recurrence as compared with patients having fewer and smaller cysts (27% vs 13%). They performed both techniques of fenestration with no mortalities and commented that the most common morbidity was post-operative ascites. They had a mean follow-up of seventy-fi ve months with similar overall recurrence rates between the open and laparoscopic groups (13% vs 11%). They concluded that in the appropriate PCLD patients, laparoscopic fenestration should replace open fenestration because it has similar rates of success along with similar morbidity and mortality rates [41] . Hepatic resection should be reserved for those patients with massive enlargement of the liver that would not benefit from simple fenestration. Combining all patients undergoing open or laparoscopic fenestration (Table 1) , there was an overall high morbidity and low mortality rate of 30% and 1%, respectively. Despite an adequate fenestration, there is a moderate recurrence of symptoms and rate of re-operation (Table 1 ). There must be a careful evaluation of the extent of each patient's disease to determine whether fenestration alone or resection with fenestration should be recommended.
Reference

No. of patients Technique (n ) Mortality (%) Morbidity (%) Mean follow-up (mo)
Rate of symptom recurrence (%)
Re-operation (%) Lin [40] 3 Open 0 0 32 0 0 Van Erpecum [21] 9
Open 1 (11) 0 48 0 0 Turnage [47] 5 Open 1 (20) 1 (20) 10 40 0 Sanchez [67] 7
Open 0 NR 18 57 0 Farges [68] 13 Open 0 9 (69) 84 23 0 Gigot [25] 10
Open (9) 0 6 (60) 73 11 11 Lap (1) 0 0 0 0 Koperna [41] 39
Open (34) [42] 9
Lap (9) 0 4 (44) NR 40 NR Conv. (2) Kabbej [24] 13
Lap (13) [44] 9
Lap (9) 
HEPATIC RESECTION WITH FENESTRATION
The combination of hepatic resection with fenestration appears to be a valuable option for those patients with symptomatic PCLD and more severe parenchymal involvement. Most of these patients are classified as Type or PCLD, based on Gigot's classification [25] . Fenestration alone in this group is rarely successful because the liver parenchyma is more rigid due to the fibrosis around the cysts and the cysts do not collapse as expected after fenestration. However, combined fenestration and resection allows for the removal of multiple segments that are grossly affected and allows for reduction in liver mass. Likewise, the large superfi cial and deep-seated cysts within remnant segments with more normal parenchyma can also undergo fenestration. The 10 published series are reviewed in Table 2 .
The largest experience is reported by Que et al in a long-term follow up of 31 patients. The majority of the patients in this group had more severe parenchymal involvement (type and PCLD) necessitating resection combined with fenestration. The extent and type of liver resection depended on severity of disease with 13 patients undergoing lobectomies, 2 undergoing extended liver resections, and 16 non-anatomic liver resections. An average of 4 liver segments were resected per patient with an average weight of the resected tissue being 3.9 kg (8.6 lbs) [23] . Their mortality rate was 3% which is consistent with the other larger reported series which range from 3%-10% (Table 2 ). Despite a low mortality rate, the morbidity rates associated with this procedure are high and must be considered. This series reported a morbidity rate of 58%, while in other series the morbidity rates range from 20% to 100%. The most commonly reported morbidities are ascites, pleural effusions, transient biliary leaks, bleeding, and wound infection [2, 43, [47] [48] [49] [50] [51] [52] . Que and coauthors had excellent results with an extremely low recurrence rate with 30 out of 31 patients remaining asymptomatic at a median follow-up of 28 mo. Importantly, they felt the extent of resection and fenestration was important for good long term outcomes. Overall, most of these patients had an improvement in their quality of life and functional status without deterioration in their hepatic or renal function [23] . Although there are high morbidity rates, resection and fenestration provides patients' with severe parenchymal involvement an opportunity for symptomatic and clinical improvement with an acceptable recurrence rate.
LIVER TRANSPLANTATION
Liver transplantation as treatment for advanced PCLD, while more accepted in recent literature, still has a limited role in management of these patients. Although a majority of PCLD patients have normal liver function, orthotopic and living donor liver transplantation have been successfully utilized in the treatment of symptomatic PCLD [53] [54] [55] [56] [57] [58] [59] [60] [61] [62] [63] [64] . Aspiration, fenestration, or surgical resection can provide adequate palliation to those patients with large single cysts or dominant disease in one lobe, but the treatment of small, truly diffuse, cystic type PCLD may well require transplantation. Total hepatectomy and liver transplantation offers the chance of defi nitive treatment for this disease, but may be considered drastic, considering the absence of liver failure, the potential morbidity and mortality, and the organ shortage. In their early report of transplantation for PCLD, Starzl and colleagues described a "syndrome of lethal exhaustion" as the major indication to offer transplantation to these patients [53] . These patients often reach the end of their functional lives, have intractable pain, and have a severely diminished quality of life. Indications for transplantation include cachexia, weight loss, recurrent cyst infections, portal hypertension, and ascites. Early reports have proposed these patients not wait until endstage complications of their PCLD become manifest before offering the option of transplantation [56, 58, 59] . Transplantation in those with end-stage PCLD, exhibited by severe disability, weakness, and malnutrition, has been shown to have higher infection-related mortality in early liver transplant series [56, 59] . Performing earlier transplantation in appropriate candidates would seem to offer a g reater chance of improved outcomes, meaningful recovery, and return to their prior functional status and quality of life. Furthermore, patients who have undergone prior more conservative therapies (aspiration, sclerosis, fenestration, or resection) may have postsurgical changes that make transplantation much more diffi cult [53, 58, 59] . T h e o p t i o n o f t r a n s p l a n t a t i o n s h o u l d b e balanced ag ainst the risks of surg er y, long-ter m immunosuppression, and the need for concurrent or subsequent renal transplantation in those with ADPKD. Thus, transplantation should be limited t o t h o s e p a t i e n t s w i t h Ty p e / P C L D w i t h diffuse, small cystic disease that would not benefit from previously described therapies. Although the first reports of transplantation for PCLD by Kwok et al [65] and Starzl et al [53] occurred in the early 1990's, e l e ve n t o r e f l e c t s t u d i e s i n Ta b l e 3 d e s c r i b i n g transplantation for PCLD (Table 3) . Two of the largest series reported by Lange et al and Pirenne et al report the outcomes of transplantation for PCLD in 17 and 16 patients, respectively [56, 59] . Lang and coauthors reported symptomatic relief in all patients following transplantation; however they did have 5 mortalities (29%) in their series. All five of these patients had severe anorexia, physical exhaustion, and evidence of malnutrition from end-stage PCLD prior to transplant and had postoperative infectious complications leading to their mortality. These deaths occurred at a mean of 41 d [56] . Pirenne and colleagues reviewed their experience of 16 patients undergoing liver transplantation for severe PCLD. They reported two mortalities (12.5%): one intraoperative death from bleeding and air emboli in a patient who had undergone previous resection, and a second late death from post-transplant lung cancer. Patient and graft survival rates were 87.5% with follow-up from 3 mo to 10 years [59] . In summary, liver transplantation offers the chance of immediate, complete, and defi nitive treatment in those patients with massive hepatomegaly secondary to diffuse PCLD. In these patients, fenestration and resection only offers temporary palliation, puts them at risk for potential morbidity and mortality, and jeopardizes the chances of further defi nitive treatment by transplantation. Several other series and their results are [41] 5
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Res 1 (8) 10 (83) 34 17 0 Hansman [51] 2 Res 0 0 NR 100 0 Yang [52] 7
Fen & Res 0 7 (100) 20 100 0 www.wjgnet.com reviewed in Table 3 . As more patients undergo transplantation for PCLD, it is important to assess their long term outcomes, especially quality of life. Kirchner and colleagues reviewed the quality of life, via the SF-36 and a selfdesigned questionnaire, in 23 of 36 patients who underwent liver or combined liver-kidney transplantation for PCLD. Of the respondents, 91% of patients felt "much better" or "better", while only 9% felt "worse" than before. Fatigue, physical fi tness, anorexia, vomiting, physical attractiveness, and interest in sex improved signifi cantly after transplantation. Overall, patients with advanced PCLD have an improved quality of life after liver or combined liver-kidney transplantation [66] .
CONCLUSION
The management of patients with PCLD continues to be challenging. In the past several decades, there have been great advances in the knowledge of the pathog enesis, g enetics, and effective treatment for PCLD. Understanding this disease, potential c o m p l i c a t i o n s, a s s o c i a t e d m e d i c a l c o n d i t i o n s, and successful treatment strategies is essential for gastroenterologists and hepatobiliary surgeons. The ability to risk-stratify these patients by severity of disease can lead to earlier interventions and attempts at prevention of massive hepatomegaly that can be so debilitating. In patients with symptomatic PCLD, invasive management strategies should be based on the degree of symptoms, the severity of associated medical conditions, and the extent of their disease. Those symptomatic patients with large cysts or limited hepatic involvement would likely benefit from laparoscopic f e n e s t r a t i o n . A d e q u a t e h e p a t i c r e s e c t i o n w i t h fenestration should be favored in patients with diffuse involvement of certain areas of hepatic parenchyma with remaining large areas of non-cystic parenchyma. Finally in the patient with diffuse, small cysts, transplantation is a valid option and should be pursued as primary therapy prior to development of debilitating disease that can increase complication rates. 
